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Introduction
Chronic kidney disease (CKD) is usually defined as the persistence for 3 or more months of structural and/or functional abnormalities of the kidney [1] . CKD is the 12 th leading cause of death worldwide and the 9 th leading cause of death in the USA [2] , and is associated with increased risk of ischemic heart disease, stroke, peripheral vascular disease, anemia, bone disease, end-stage renal disease (ESRD), and mortality [3] . Recently, change in kidney function in subjects without CKD has been associated with adverse outcomes, including mortality [4, 5] . For example, rapid kidney decline − defined as an annual decline in estimated glomerular filtration rate (eGFR) greater than 3mL/min/1.73m 2 − has been associated with increased risk of cardiovascular events [6] .
Clinical (e.g., age, smoking, diabetes, body mass index), biological (e.g., uric acid, HDLcholesterol, triglycerides, homocysteine, C reactive protein, cytokines), and socioeconomic (e.g., education) factors associated with incident CKD and/or change in eGFR have been reported in prospective studies [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . In addition to these factors, baseline kidney function (defined by eGFR or proteinuria) is independently associated with incident CKD and/or change in eGFR [18] [19] [20] [21] [22] [23] [24] . In fact, proteinuria seems to be a better predictor of loss of renal function than eGFR [25] . Still, most prospective studies have been conducted in North America and data on incidence of and factors associated with kidney outcomes in European populations are scant [26] .
Further, previous prospective studies have rarely considered the impact of baseline kidney function on the association of clinical, biological, or socioeconomic factors on incident CKD or change in eGFR. Those who did generally found a change in the associations [16, 23, 27] , suggesting that the relationships, if any, might be confounded by baseline kidney function [21] .
We used baseline (2003) (2004) (2005) (2006) and 5-year follow-up data of adults from the general population to evaluate the association of clinical, biological, and socioeconomic factors with change in kidney function, rapid decline in kidney function, and incidence of CKD. We then determined the effect of baseline kidney function and proteinuria on these associations.
Subjects and Methods

CoLaus
We used the data from the CoLaus study. The primary aims of the CoLaus study was to assess the prevalence and determinants of cardiovascular disease in the Caucasian population of Lausanne, Switzerland [28, 29] . The CoLaus study complied with the Declaration of Helsinki and was approved by the local Institutional Ethics Committee. All participants gave written informed consent. The sampling procedure of the CoLaus study has been described elsewhere [28] . Briefly, the CoLaus study was populationbased and included participants aged 35 to 75 years. The recruitment took place in the city of Lausanne in Switzerland, a town of 117,161 inhabitants, of which 79,420 are of a Swiss nationality. The complete list of the Lausanne inhabitants aged 35-75 years (n = 56,694 in 2003) was provided by the population register of the city and served to sample the participants to the study. A simple, non-stratified random sample of 35% of the overall population was drawn. The following inclusion criteria applied: a) written informed consent; b) aged 35-75 years; c) willingness to take part in the examination and donate blood. Recruitment began in June 2003 and ended in May 2006. The sample of 8,121 subjects who agreed to participate represented 41% of the initially sampled population. Participants were asked to attend the outpatient clinic at the Centre Hospitalier Universitaire Vaudois (CHUV) in the morning after an overnight fast. Between 2009 and 2012, all CoLaus participants have been invited for a follow-up (CoLaus 2). Among these, 4,679/6,188 (75.6%) Caucasian subjects participated to the follow-up.
Assessment process and clinical data
Data were collected by trained field interviewers, using standardized questionnaires. Questionnaires recorded information on demographic data, socioeconomic status, and several lifestyle factors such as tobacco use and physical activity. A questionnaire, administered during a face-to-face meeting with the recruiter, focused on personal and family history of disease and cardiovascular risk factors. Use of oral contraception and hormonal replacement therapy was self-reported.
Blood pressure (BP) was measured thrice on the left arm after at least 10 minutes rest in the seated position using a clinically validated oscillometric device (Omron® HEM-907, Matsusaka, Japan) [30] . The average of the last two BP readings was used for analyses. Hypertension was defined as mean systolic BP (SBP) ≥140 mmHg or mean diastolic BP (DBP) ≥90 mmHg or presence of anti-hypertensive medication. Diabetes was defined as a fasting glucose ≥7 mmol/L and/or presence of antidiabetic drug treatment (insulin or oral drugs). In addition, weight, height, and waist and hip circumferences were measured using standardized procedures. Body mass index (BMI) was defined as weight/height 2 .
Biologic data
Venous blood samples were drawn after an overnight fast. Glucose was measured by Glucose dehydrogenase (Roche Diagnostics, CH; CV 2.1%-1.0%), total serum cholesterol, HDL-cholesterol and serum triglycerides were measured by glycerol-3-phosphate oxidase -phenol aminophenazone (GPO-PAP) (Roche Diagnostics, CH; CV 3.6%-0.5%). Total serum calcium was measured by O-cresolphtalein (Roche Diagnostics, CH; CV 2.1%-1.5%). Albumin-corrected calcium was calculated using the following formula: Ca c = Serum total calcium -0.012×(serum albumin/0.9677 -39.55). Ultrasensitive C reactive protein (hsCRP) was measured by Immunoassay and latex HS (Agilent 1100 apparatus, CH; CV 4.6%-1.3%). Cytokine levels were measured using a multiplexed particle-based flow cytometric assay [31] . Milliplex kits were purchased from Millipore (Zug, Switzerland). The analysis was conducted using a conventional flow cytometer (FC500 MPL, Beckman Coulter, Nyon, Switzerland). Lower detection limits for IL-1β, IL-6 and TNF-α were 0.2 pg/ ml. Intra and inter-assay coefficients of variation were 15% and 16.7% for IL-1β, 16.9% and 16.1% for IL-6 and 12.5% and 13.5% for TNF-α, respectively. Serum uric acid and homocysteine were measured by uricase-PAP (Roche Diagnostics, CH, CV 1.0%-0.5%) and high pressure liquid chromatography following ammonium 7-fluorobenzo-2-oxa-1, 3-diazole-4-sulphonate (SBD-F) derivatisation (Agilent 1100 apparatus, CV 3.1%-2.9%), respectively.
A single spot urine sample was taken in the morning. Creatinine and albumin were measured and urinary albumin-to-creatinine ratio (UACR) calculated to estimate proteinuria. Albumin (serum and urine) was measured by bromocresol green (Roche Diagnostics, CH; CV 2.5%-0.4%) and creatinine (serum and urine) by IDMS-traceable Jaffe kinetic compensated method (Roche Diagnostics CH; CV 2.9%-0.7%). Albuminuria was defined as UACR of ≥30 mg/g. The National Kidney Foundation clinical practice guidelines definition of CKD was used [1] ; eGFR <60 ml/min/1.73m 2 . eGFR was calculated using the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation [32] .
Adverse kidney outcomes definition
Annual change in eGFR was defined as the annualized difference between eGFR at follow-up and eGFR at baseline. Rapid decline in eGFR was defined as an annual loss >3 mL/min/1.73m 2 , as previously suggested [4] . Incident CKD was defined as an eGFR <60 mL/min/1.73m 2 at follow-up among participants with eGFR ≥60 mL/min/1.73m 2 at baseline. Of note, creatinine was measured using the same methods at baseline and at follow-up. Because of the low number of participants with incident CKD at follow-up, rapid decline in eGFR and/or incident CKD outcomes were combined among participants without CKD at baseline. Results for incident CKD outcome only are presented in the supplementary material.
Statistical Analyses
Statistical analyses were performed using Stata 12.0 software (Stata Corp, College Station, TX, USA). Results were expressed as number of participants (percentage, %), mean (standard deviation, SD) or median and interquartile range (IQR). Between-group comparisons were conducted using chi-square, Student's, or Wilcoxon ranksum tests. All values of IL-1β, IL-6 and TNF-α below the detection level (0.2 pg/ml) were substituted with a value (0.133) equivalent to two-thirds of the lower detection limit as recommended by Hornung et al [33] . Annual change in eGFR was modeled as a function of clinical, biological, and socioeconomic factors at baseline using linear regression, and results were expressed as annual difference and 95% confidence interval (95%CI). Rapid decline in eGFR, incident CKD, and the combined outcome Guessous/Ponte/Marques-Vidal/Paccaud/Gaspoz/Burnier/Waeber/Vollenweider/ Bochud: Determinants of Kidney Outcomes (rapid decline in eGFR or incident CKD) were modeled separately as a function of clinical, biological, and socioeconomic factors at baseline using unconditional logistic regression, and the results were expressed as odds ratio (OR) and 95%CI. To determine the impact of kidney function at baseline on these associations, we sequentially adjusted for eGFR at baseline and UACR at baseline. To satisfy regression assumptions, UACR, hsCRP, IL-6, IL-1β, and TNF-α were log-transformed.
Variables Specification
Risk factors for kidney function decline were selected from earlier reports and multivariable regression models built using the same method used by O'Seaghdha et al. in the Framingham Heart Study and Atherosclerosis Risk in Communities Study [7] . Variables were sequentially added in a pre-specified order and incorporated using a P value <0.05 threshold for entry and retention in the final model.
Candidates for entry in order of inclusion were: age, sex, diabetes, hypertension, HDL-cholesterol, total cholesterol, triglycerides, BMI, smoking status, alcohol consumption, physical activity, education, contraceptive pill, menopause, albumin-corrected calcium, hsCRP, IL-1β, IL-6, TNF-α, uric acid, and homocysteine. Education was assessed as the highest qualification achieved and categorized as "high" (tertiary education), "middle" (upper secondary education or post-secondary non tertiary education, including vocational education) and "low" (lower secondary education or lower). Baseline eGFR and baseline log UACR were then sequentially added to the models. We only included in the analysis Caucasian subjects for whom all variables of interest for the purpose of this study were available.
Results
Participant's Characteristics
Out of the 4,679 participants to the Colaus follow-up study, 238 (5.1%) had at least one missing value for all variables of interest, leaving a total of 4,441 participants (94.9%) for the analysis. The mean (SD) follow-up time was 5.6 (0.5) years and the median (IQR) 5.5 (IQR 5.4-5.7) years. At baseline, the overall mean age was 52.6 (10.6) years, 53.5% were women and 4.3% had CKD. Characteristics by CKD status at baseline are detailed in Table 1 . The groups defined by CKD status statistically differed by all characteristics apart from gender, HDL-cholesterol, education, physical activity, alcohol consumption, and IL-6. Baseline eGFR and UACR were 87.1 (13.4) mL/min/1.73m 2 and 12.9 (60.5) mg/g in participants without CKD at baseline and 52.6 (7.7) mL/min/1.73m 2 and 27.1 (69.1) mg/g in participants with CKD at baseline (both P values <0.001). Overall, 5.7% (253/4441) of participants presented albuminuria at baseline.
The mean annual eGFR change was -0.632 (1.72) mL/min/1.73m 2 and 0.528 (2.54) in subjects without and with CKD at baseline, respectively (P value<0.001, Table 2 ). Among all subjects, annual decline in eGFR was steeper among participants with albuminuria at baseline than participants without albuminuria at baseline: -0.876 (2.34) vs. -0.566 (1.73), P value <0.001. Among participants with CKD at baseline, annual change in eGFR was -0.404 (2.11) and 0.700 (2.58) in participants with (29/189, 15.3%) and without albuminuria (160/189, 84.7%) at baseline, respectively (P value=0.031). Rapid decline in eGFR tended to be more frequent among participants without CKD at baseline than participants with CKD at baseline (7.0% vs. 3.7%, P value=0.077), though not statistically significant. Out of the participants without CKD at baseline, 186 (4.4%) presented an incident CKD at followup, 485 (11.4%) presented a rapid decline in eGFR or an incident CKD at follow-up, and 71 (1.7%) presented both a rapid decline in eGFR and an incident CKD at follow-up. Tables 3, 4 and 5 report the associations of risk factors with annualized change in eGFR, rapid decline in eGFR and rapid decline in eGFR and/or incident CKD (combined outcome), without adjustment for kidney function at baseline (Table 3) , with adjustment for eGFR at baseline (Table 4) , and with adjustment for both baseline eGFR and baseline log UACR (Table 5) . Annualized change in eGFR Age, diabetes, HDL-cholesterol, smoking status, contraceptive pill, albumin-corrected calcium, log hsCRP, uric acid and homocysteine met criteria for inclusion in the model with annualized change in eGFR. Age, diabetes, current smoking status, and log hsCRP were associated with an annual decline in eGFR, whereas HDL-cholesterol, contraceptive pill, albumin-corrected calcium, uric acid and homocysteine were associated with an annual increase in eGFR (Table 3) . After adjustment for baseline eGFR, only age, diabetes, contraceptive pill, albumin-corrected calcium, and hsCRP remained associated with annualized change in eGFR (Table 4) Table 3 . Associations of baseline characteristics with kidney outcomes, unadjusted for baseline kindey function Table 4 . Associations of baseline characteristics with kidney outcomes, further adjusted for estimated glomerular filtration rate (CKD-EPI) at baseline (Table 5 ). Both baseline eGFR and baseline log UACR were negatively associated with annualized change in eGFR.
Rapid decline in eGFR
Diabetes, hypertension, middle education level, log hsCRP, and uric acid met criteria for inclusion in the model with rapid decline in eGFR. Except uric acid, all variables were positively associated with rapid decline in eGFR ( remained significantly associated with rapid decline in eGFR whereas uric acid was no longer associated (Table 4) . Similar results were observed after further adjustment for baseline log UACR (Table 5) . Baseline eGFR and log UACR were positively associated with rapid decline in eGFR.
Combined outcome (rapid decline in eGFR and/or incident CKD) Age, diabetes, education level, and log hsCRP met criteria for inclusion for combined outcome (rapid decline in eGFR and/or incident CKD) model. All were positively associated with the combined outcome (Table 3) . Similar results were observed after further adjustment for baseline eGFR and further adjustment for log UACR (Tables 4 and 5 IL-6, IL-1β, and TNF-α were not associated with kidney outcomes in models that included hsCRP. Supplementary analysis: incident CKD Age, diabetes, log hsCRP, and uric acid met criteria for inclusion for incident CKD model. All were positively associated with incident CKD (Table 6 ). But only age, diabetes, log hsCRP remained associated with incident CKD after further adjustment for kidney function at baseline (Table 6 ). Baseline eGFR and log UACR were respectively negatively [OR: 0.90 (95%CI 0.88-0.92), P value<0.001] and positively [OR: 1.32 (95%CI 1.13-1.55), P value=0.001] associated with incident CKD.
Discussion
In this prospective population-based study on adults with predominantly normal baseline kidney function, we identified risk factors of change in eGFR, rapid decline in eGFR and incident CKD that are independent of baseline kidney function. We found that baseline proteinuria increased the risk of decline in eGFR, rapid decline in eGFR, and incident CKD.
While several risk factors of kidney function decline have been reported in previous prospective population-based studies [7, 8, [11] [12] [13] [14] 17] , most studies did not take into account kidney function at baseline. Homocysteine levels, for example, have been associated with traditional cardiovascular disease (CVD) risk factors [34] , but are also associated with GFR and proteinuria. An analysis from the Modification of Diet in Renal Disease (MDRD) Study suggested that prior studies demonstrating an association between homocysteine and CVD risk may have inadequately adjusted for the confounding effects of kidney function [16] .
Proteinuria is one of the strongest predictors of CKD and ESRD [24, 35, 36] . Proteinuria also predicts incident hypertension and diabetes [37, 38] . Not taking into account proteinuria at baseline may therefore lead to confounded associations. Not taking into account baseline GFR may also lead to biased associations because regression to the mean cannot be excluded [25, 39] . We therefore used predictive models with and without baseline kidney function and found that associations with kidney outcomes were indeed dependent on baseline kidney function. After adjustment for both baseline eGFR and baseline log UACR, smoking status, uric acid and homocysteine levels were no longer associated with annual change in eGFR, and uric acid level was no longer associated with rapid decline in eGFR. This suggests that some prior associations between these factors and kidney outcomes may indeed have been inadequately adjusted for the confounding effects of baseline kidney function.
Our analysis showed that age, diabetes, and log hsCRP were risk factors for adverse kidney outcomes independently of baseline kidney function, a finding in line with previous reports [7, 8, 39] . Age and diabetes per se have been associated with incident CKD in studies that controlled for baseline kidney function [7, 8] . Data on the independent association of CRP or hsCRP with kidney outcomes are more limited. In a secondary analysis of the MDRD study, CRP level was not associated with rate of decline in kidney function after adjustment for proteinuria [14] . Noteworthly, mean follow-up was only 2.2 years, all participants presented CKD at baseline, and CRP instead of hsCRP was measured. Shankar et al. found no association between hsCRP and long term risk of developing CKD, but their multivariable models did not adjust for baseline eGFR or proteinuria [17] . In the Cardiovascular Health Study (CHS), a prospective study of elderly community-dwelling adults, CRP was positively associated with a decline in eGFR and with decline of eGFR ≥3mL/min/1.73m 2 /year (rapid decline) after adjustment for baseline creatinine [39] . Our results further suggest that hsCRP, a marker of inflammation, may be an independent predictor of kidney function decrease in adults with predominantly normal kidney function. Several mechanisms relating inflammation and progression of kidney failure have been proposed [14] . For example, inflammation is known from in vivo and in vitro data to play an important role in mediating glomerulosclerosis [40] . Inflammation has been mainly studied in CKD population [41] , but rarely in population with predominantly normal kidney function [17, 42] . Our results suggest that hsCRP level could be considered as an additional independent predictor to be included in the CKD risk score that has been recently proposed for the general population [7] . Of note, cytokines such as IL-6, IL-1β, and TNF-α were not independently associated with adverse kidney outcomes when hsCRP was included in multivariable models.
In addition to clinical and biological factors, participants with middle education level presented a greater annual decline in eGFR and were at greater odds of rapid loss in eGFR or incident CKD than participants with high education. Similar associations were found for participants with low education, though not statistically significant. This could be, in part, explain by a lack of power due to the smaller number of participants included in the low education category compared to the other two education categories. Our results are in line with previous studies that have examined the role of education in CKD [11, 43] , and also suggest that this association is independent of baseline kidney function. Although the pathophysiological pathways linking education and development of CKD are not fully understood, differences in health care access might be involved [43] .
Contrary to baseline eGFR, proteinuria was a strong independent predictor of incident CKD, or CKD in combination with rapid decline in eGFR. We found that annual decline in eGFR was steeper among participants with albuminuria at baseline than participants without albuminuria at baseline. This is consistent with a previous analysis based on 8,592 patients and 24-hour urine collection, which showed that eGFR of individuals with impaired eGFR but without albuminuria stay nearly constant, whereas eGFR deteriorates in individuals with albuminuria [25] . Our findings further suggest that albuminuria screening is a better strategy than eGFR screening to identify individuals who are at risk for accelerated GFR loss.
Of note, we found that the associations of baseline eGFR with rapid decline in eGFR and with combined outcome were different. This difference might be explained, at least in part, by the fact that although the number of participants with incident CKD at follow-up was low, the association of baseline eGFR with incident CKD was negative and significant. Adjusting for the same covariates as the model for the combined outcome (i.e., model adjusted for age, diabetes, education, log hsCRP, and log UACR, see Table 5 ), baseline eGFR was indeed strongly negatively associated with incident CKD [OR: 0.90 (95%CI 0.88-0.92), P value<0.001] while baseline eGFR was not associated with the combined outcome as reported in the corresponding Table. The strong negative association of baseline eGFR with incident CKD is however blunted by the positive association we found of baseline eGFR with rapid decline in eGFR explaining the difference observed in the associations of baseline eGFR with rapid decline in eGFR and with combined outcome.
Strengths and limitations
These results should be interpreted in the light of the study's strengths and limitations. Among the strengths, this is a large prospective study assessing the effect of clinical, biological, and socioeconomic factors on kidney function in a general adult population. Information on major known potential confounders was available. However, information may still be incomplete and residual confounding cannot be excluded. For example, education level was used as a proxy of socioeconomic status, but information on other socioeconomic attributes such as income was not available. GFR was estimated using the CKD-Epi equation and more accurate measurements (including inulin clearance, iothalamate clearance, cystatin C) exist. Still, creatinine is generally used to estimate GFR in clinical practice. Baseline and follow-up serum and urinary creatinine and albumin were measured on a single occasion. Although practice guidelines recommend their use, both creatinine and albumin in serum and urine can show important intraindividual variability [44] . We used UACR based on a single spot to define albuminuria; correlation between UACR and 24-hour collection is high, yet 24-hour collection remains preferable [44] . Finally, our study included only Caucasian participants and our findings may not be generalizable to non-Caucasian populations.
Conclusion
This prospective population-based study identified risk factors for kidney function deterioration that are independent of baseline kidney function and proteinuria. Age, diabetes, education level, hsCRP, and proteinuria were significantly and independently associated with rapid decline in eGFR and/or incident CKD.
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